It has been shown that head and neck squamous cell carcinoma (HNSCC) is infiltrated by plasmacytoid dendritic cells (pDCs). The HNSCC TH2 biased microenvironment leads to strong alterations of the cellular functions of pDC and thus impairs the initiation and function of adequate immune responses. In this work we comprehensively analyzed the capacity of CpG-oligonucleotides to activate interferon (IFN)-α secretion of human pDC in the presence of HNSCC. IFN-α secretion was measured using the ELISA Technique. Class A CpG dinucleotide 2216 was used in different concentrations and time frames to stimulate the IFN-α production of human pDC from peripheral blood in the absence and presence of the HNSCC microenvironment. To elucidate single components that might induce the reduction of IFN-α secretion, pDC were exposed to different concentrations of HNSCC relevant cytokines such as IL-6, IL-8 and IL-10. In accordance to former experiments we found that HNSCC micro milieu severely depresses up to 75% of IFN-α secretion capacity of pDCs, if the stimulating Class A CpG 2216 is added to the culture. Preincubation of HNSCC supernatant leads to unrestorable reduction of IFN-α secretion in pDC and can not be restored by CpG 2216. Incubation of pDCs with single cytokines relevant for cancer progression within the HNSCC micro milieu show that IL-6 or IL-8 have no influence on the IFN-α secretion in pDCs, whereas IL-10 massively impairs the secretion in a dose dependent manner. This effect can be potentiated by synergistic incubation with IL-6 and can be abrogated by blocking antibodies to the IL-10 receptor. Interestingly, incubation with IL-10 is not the only factor that impairs the IFN-α secretion, as incubation with the whole HNSCC supernatant is even more effective in reducing the secretion, implying that additional factors play a role. We conclude that restoration of HNSCC induced TH2 bias could be improved by the inhibition of immune cell cytokine receptors in addition to immunostimulating approaches with CpG motifs.
Introduction
Head and neck cancer is an aggressive malignancy comprising approximately 6% of all newly diagnosed cancers (1) . 95% of tumors arising in the head and neck region are squamous cell carcinomas. HPV negative head and neck squamous cell carcinoma (HNSCC) are most commonly associated with smoking and alcohol abuse. HNSCC are known to be infiltrated by various kinds of immune cells such as dendritic cells (DCs), but efficient immune responses are strongly impaired (2, 3) . DCs are bone marrow derived leukocytes with an antigen-presenting function, such as B-cells and monocytes and can be divided into different subgroups (4) (5) (6) . Human plasmacytoid DCs (pDCs) were first identified within the T-cell areas of lymphoid organs (7, 8) , but also in peripheral blood (9) and they are the principal source of IFN-α producing cells (10) . pDCs are able to recognize CpG motifs within microbial DNA, which are unmethylated CG dinucleotides in a certain sequence context and trigger the production of INF-α in pDCs (11) . It has been shown that CpG DNA can be recognized by TLR9 and thus stimulates the polyclonal activation of B lymphocytes and the secretion of proinflammatory cytokines by pDCs and macrophages (12) (13) (14) . Cytokines in the HNSCC microenvironment also have a strong influence on the immune response and thus play a critical role in tumor aggressiveness and its response to chemo-and radiation therapy (15, 16) . The leading cytokines identified in the HNSCC microenvironment are interleukin (IL)-4, IL-6, IL-8 and IL-10, granulocyte macrophage-colony-stimulating factor (GM-CSF), vascular endothelial growth factor (VEGF), prostaglandin E 2 and basic fibroblast growth factor (bFGF) (17) (18) (19) .
pDCs are considered to be primarily responsible for the establishment of an adaptive TH1 immune response (20, 21) . Under the influence of IL-3 and CD40-ligand they also can adjust the immune response to a tolerance induction. This happens by polarising the secretion of cytokines which lead to a TH2 specific immune response, for example IL-4 and IL-10 (22) . In this work we comprehensively analyzed the capacity of CpG-oligonucleotides to induce IFN-α secretion in human pDC under the influence of HNSCC.
Materials and methods
Preparation and stimulation of pDCs. Buffy coats were provided by the blood bank of the University of Lübeck in an anonymized manner and were used to isolate human peripheral blood mononuclear cells (PBMCs). Blood donors were healthy, without medication or symptomatic allergies. PBMCs were obtained from buffy coats by Ficoll-Hypaque density gradient centrifugation as described previously (2) . pDCs were isolated by magnetically activated cell sorting using the BDCA-4 DC isolation kit from Miltenyi Biotec (Bergisch-Gladbach, Germany). Cell numbers were calculated by light microscopy and cell viability was determined by trypan blue staining of dead cells as well as using flow cytometry. 5x10 4 pDCs were cultured and stimulated in 96-well round bottom plates in 100 µl of medium, comprising Dulbecco's modified Eagle's medium (Gibco Life Technologies, Carlsbad, CA, USA), 10% heat-inactivated FCS (Gibco Life Technologies), non-essential amino acids (Gibco Life Technologies), sodium pyruvate (Sigma-Aldrich, St. Louis, MO, USA) and X-Vivo (Cambrex Bioscience, Rockland, ME, USA). The cells were stimulated for 12, 24 and 48 h, respectively, with the following, in endotoxin-free water solved agents: 3 respective 6 µg/ml CpG ODN 2216 (Invivogen, Inc., San Diego, CA, USA; Metabion International AG, Martinsried, Germany) and HNSCC supernatant (preparation as described below) in a solution medium/supernatant of 1:1 or in cell suspension 1:4. Human recombinant IL-10, IL-8 and IL-6 were purchased from Biosource and added in a concentration of 1, 10 and 100 ng/ml (IL-10), resp. 100 pg/ml (IL-6), resp. 10 pg/ml, 100 pg/ml, 1 ng/ml. The IL-10 receptor antibody was purchased by R&D Systems, Inc. (Minneapolis, MN, USA) and used in a concentration of 2,5 µg/ml. Preparation of HNSCC supernatants. Permanent HNSCC cell lines BHY (DSMZ, Braunschweig, Germany (23) and PCI-13 (Dr Theresa Whiteside, Hypopharyngeal cancer, Pittsburgh Cancer Institute, Pittsburgh, PA, USA) were used to generate HNSCC supernatants. HNSCC cells were cultured in DMEM-medium (Gibco Life Technologies) supplemented with 10% FCS, 1 mM glutamine and 0.1 mM sodium pyruvate. Cell-free supernatants were collected by centrifugation and filtration after 48 h of cell cultivation and frozen once (-20˚C).
Detection of IFN-α. The IFN-α module set from Bender MedSystems (Vienna, Austria) was used to detect IFN-α in cell culture supernatants according to the instructions provided by the manufacturer. The photometric extinction was converted into pg/ml by inverse polynomic regression on the basis of the standard curve. The detection threshold is stated by 3.16 pg/ml in accordance to the manufacturer.
Statistical analysis. Data are expressed as mean with standard deviation from three independent experiments. Statistical significance was evaluated by paired Student's t-test.
Results

IFN-α production is reduced in response to soluble factors
of the HNSCC microenvironment. pDCs were simultaneously stimulated with 3 and 6 µg/ml CpG 2216 for 48 h in the presence and absence of HNSCC cells and supernatant, respectively. Therefore two different permanent HNSCC cells lines BHY and PCI13 were used. The IFN-α production was reduced approximately 15% by BHY and 40% by PCI 13 in the mean and was significant in both cell lines (P<0.05; Fig. 1 ).
Our data demonstrates that the inhibitory effect of HNSCC does not depend on the presence of tumor cells. There is no significant difference between the incubation with HNSCC cells or supernatant, which underlines that the inhibition is caused by soluble factors and does not require a direct cell contact.
Pre-incubation with HNSCC has a negative effect on the IFN-α secretion. pDCs of healthy donors were pre-incubated with HNSCC supernatants for 24 or 36 h, respectively. Subsequently CpG ODN was added for another 12 and 24 h, so that the overall incubation time was 48 h. As positive control cells of the same donors were incubated with HNSCC supernatant and CpG simultaneously, unstimulated pDCs were used as a negative control (data not shown).
pDCs which were pre-incubated with HNSCC prior to CpG stimulation showed a stronger impairment in the IFN-α secretion than those cells incubated simultaneously (Fig. 2) . Longer pre-incubation times led to a stronger impaired IFN-α secretion. After 24 h of incubation with PCI13 supernatant prior to CpG stimulation, the IFN-α is reduced by 25%; after 36 h incubation by 75% (Fig. 2B ). The overall reduction by BHY was almost the same after 24 h regardless the pre-incubation period. Nevertheless, after 36 h of incubation with supernatant, the impairment is significant ( Fig. 2A) .
IL-10 is the main inhibitor of pDC IFN-α secretion.
To further elucidate which component in the supernatant of HNSCC might be causing the impairment of pDC function, we exposed native pDC to different concentrations of cytokines relevant in the micro milieu of HNSCC, such as IL-6, IL-8 and IL-10.
The IL-6 concentrations were defined by the average serum levels in HNSCC patients (19,5 pg/ml) and the maximum (312 pg/ml) as well as levels in supernatants of immortalized cell lines (up to 4,000 pg/ml). IL-8 was used in concentrations of 10 pg/ml, 100 pg/ml and 1 ng/ml. IL-10 was used in concentrations of 1, 10 and 100 ng/ml. The concentrations were also defined with respect to our previous data and in accordance to the literature (19, (24) (25) (26) .
There was no significant effect on the CpG induced IFN-α secretion in response to the addition of IL-6 and IL-8. Neither different concentrations nor different combinations of both cytokines were able to impair the pDC IFN-α secretion (data not shown).
On the contrary, IL-10 showed a significant effect on the CpG induced IFN-α secretion. These findings correlate with data from Duramad et al (25) in 2003. We were able to reproduce these findings in our settings. Furthermore the CpG induced IFN-α secretion showed more or less a wide range of variation (Fig. 3) . The four tested pDCs of healthy donors showed a fluctuation margin of approximately 45%. The decrease of the IFN-α secretion compared to positive control was 14, 62, 52 and 39%.
The IL-10 induced reduction on the CpG induced IFN-α secretion in pDC is dose-dependent (Fig. 4) . The maximum is reached at 10 ng/ml. At a concentration of 1 ng/ml IL-10, the suppression of the IFN-α secretion can be outweighed by elongation of incubation and dose escalation. At a concentration of 10 ng/ml IL-10 this is no longer the case, and the difference between 3 and 6 µg/ml ODN 2216 is minor. The effect of 1 ng/ml IL-10 is already higher at 3 µg/ml ODN than at 6 µg/ml. The amount of secreted cytokine on stimulation by CpG changes only slightly at IL-10 concentration of 10 ng/ml. The dose escalation up to 100 ng/ml has no additional significant effect on the secreted amount of IFN-α.
We also were able to show a synergistic effect of IL-10 and IL-6 ( Fig. 5 ). The combination of IL-10 with IL-8 had no additional effect (data not shown). The combination of IL-10 and IL-6 raised the suppressive effect on the IFN-α secretion by 13% in average.
The inhibitory effect of HNSCC can be antagonized by antibodies to the IL-10 receptor. PDCs were incubated with HNSCC supernatant and/or IL-10 in the presence and absence of blocking antibodies to the IL-10-receptor. The IFN-α concentration was detected by ELISA after 24 h. The negative control were cells incubated with medium and IL-10 (data not shown). The positive control pDCs were incubated with CpG ODN 2216.
As shown in Fig. 6 , the administration of a blocking antibody to the IL-10 receptor is not able to neutralize the suppressive effect of the complete HNSCC supernatant on the CpG induced IFN-α secretion completely. However pDCs incubated under the influence of IL-10 can be fully restored by adding the IL-10 receptor blocking antibody, which clearly documents that various other factors play a role in the IFN alpha suppressing mechanism.
The suppressive influence of HNSCC supernatant can be additionally boosted by adding IL-10. Antibodies to the IL-10 receptor can diminish this additional effect but are not able to restore the full functionality.
Discussion
The HNSCC micro milieu severely impairs the CpG ODN induced IFN-α secretion in pDCs in vitro up to 40%. The intensity of inhibition varies among different HNSCC cell lines according to incubation time and CpG dosage. BHY and PCI13 show different concentrations of soluble factors. BHY supernatant contains high amounts of IL-6 (3,750 pg/ml) and a lower concentration of IL-8 (820 pg/ml). The supernatant of PCI13 contains a low concentration of IL-6 (620 pg/ml) but nearly the same amount of IL-8 (780 pg/ml) like BHY. The cytokines IL-4 and IL-10 were measured in much lower concentrations in the supernatant of both cell lines. The immunosuppressive IL-10 and also IL-1 are not primarily secreted by the tumor itself. The micro milieu of the tumor induces secretion in mDC and other cells of its environment. IL-1 stimulates the increased secretion of the tumor stimulating and -relevant cytokines IL-4, IL-6 and GM-CSF. The different concentrations of the cytokines explain the varying influence of HNSCC on the CpG induced IFN-α secretion.
With HNSCC supernatant, pre-incubated pDCs prior to CpG stimulation show a more efficient impairment of the INF-α secretion than those cells simultaneously incubated with CpG and HNSCC (Fig. 2) . Longer pre-incubation times lead to a stronger impairment of IFN-α secretion than in the case of PCI13 which can not be compensated by an extended incubation time with CpG or a higher dosage of CpG.
Furthermore our data revealed that the inhibitory effect of HNSCC depends on soluble factors and cell to cell contact is not required (Fig. 1) .
Our study was able to identify IL-10 as one soluble factor in the HNSCC micro milieu that markedly reduces the IFN-α secretion of pDCs.
The presumption that this would be key to the explanation of the mechanism was deceptive. As shown in Fig. 6 IL-10R antibody can not abolish the effect of HNSCC on the CpG induced IFN-α secretion entirely. The ability of pDCs incubated with mere IL-10 can be restored almost entirely by adding IL-10R antibody. Combined with the HNSCC supernatant, the ability can only be retrieved by a smaller level. This leads to the assumption that there are other factors in the HNSCC supernatant besides IL-10 that lead to a reduction of the CpG induced IFN-α secretion. Waibler et al had stated IL-10 before as a negative regulator regarding the GpG induced IFN-α secretion, but we were able to show that it is not the only soluble factor in the HNSCC micro milieu.
In literature, a cytotoxic effect of IL-10 for CpG-activated pDCs is stated, nevertheless in our work we were not able to reproduce this statement by FACS Annexin and PI staining (data not shown) [Duramad et al (25) ].
We were able to show a synergism of IL-6 and IL-10 ( Fig. 5 ). Mere IL-6 has no influence on the CpG induced IFN-α secretion but in combination with IL-10 it alters the secretion.
It is therefore most likely that even more factors have an influence on this mechanism.
More factors which have been described in the HNSCC supernatant are for example the VEGF family as multifunctional factors in angiogenesis, tumor progression, immunosuppression and immunotolerance (27) . A synergism of IL-6, IL-1 and GM-CSF has already been described in matters of down regulation of CD80 in tumor cells, which can be reversed by IFN-γ (28) .
The important role of IL-6 was shown in clinical studies by Riedel et al (29) and Duffy et al (30) , and discussed as a biomarker. The important role of IL-6 within the Stat3 signaling in tumor proliferation has also been shown. When Stat3 is missing in this cascade, the tumor growth is reduced (31) .
IL-8 plays a role in terms of proliferation and cell survival in HNSCC. We were not able to show an influence on the CpG induced IFN-α secretion in our work.
That cytokines have a strong influence of the pathogenesis in cancer has been shown in several studies. Patients with advanced disease show a shifted immune profile toward TH2 compared to patients with less advanced disease.
Elevations of IL-10 have been detected in diseases like cancer and chronic infection. The strong TH1-priming ability of CpG is the basis for future clinical trials to revert this immune tolerating status in infectious disease, cancer, asthma and allergic rhinitis.
